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LOGIC PROCESS DRAM 

The present application claims priority under 35 U.S.C. Section 1 19 (e) from U.S. 
Provisional Application Serial No. 60/214,789 entitled "LOGIC PROCESS DRAM" filed 
28-June-2000, the contents of which are incorporated herein by reference. 

BACKGROUND OF THE INVENTION 

Field of the Invention 

[0001] The present invention relates to a dynamic random access memory (DRAM) 

device, and more particularly to an apparatus and a method for improving signal-to r noise 
ratio and reducing overall bit line capacitance and area in a DRAM. 



Description of the Related Art 

[0002] Dynamic random access memory (DRAM) devices include an array of 

individual memory cells for storing information. These memory cells are dynamic in that 
they will only hold a particular quantity of information for a short period of time. Therefore, 
the cells must be read and refreshed at periodic intervals. A common conventional cell 
configuration includes one transistor and one capacitor. The transistor is connected between 
a bit line and the capacitor. The transistor is gated by a word line signal. A bit of 
information is read from the cell to the associated bit line or written to the cell from the bit 
lineilirough the transistor. 



[0003] DRAM devices are very well known in the literature and are the subject of 

many patents. For example, see U.S. Patent Nos. 6,222,275; 6,205,044; 6,168,985; 
6,084,307; 6,034,879; 6,008,084; 5,870,343; 5,864,181; 5,671,175; 5,625,234; 5,579,256; 
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5,534,732; 5,416,734; 5,241,497; 5,014,110; 4,970,564; 4,967,396; 4,914,502; and 
KR930081 1, the contents of each of which are incorporated herein by reference. 

[0004] Referring to Figure 1 , a top view of a traditional folded bit line DRAM cell 

arrangement 100 includes three bit line pairs 105, 1 10, 115 and six word lines 120, 125, 130, 
135, 140, 145, with memory cells 150 located at every other bit line - word line intersection. 
In a folded bit line architecture, along each word line direction, there is a cell connected to 
every other bit line. Within each bit line pair, the bit line with the cell is called the sense bit 
line, and the adjacent bit line without a cell is called the reference bit line. The sense bit line 
and adjacent reference bit line are respectively coupled to the positive and negative inputs of 
a differential amplifier 155. In a typical scenario, prior to activation of word line wO 120, all 
bit lines are precharged to a voltage level V re f. Cell A 160 and cell B 165 may be assumed to 
have an initial voltage of V ref +AV. After wO is activated, both bO and bl will attain a value 
greater than V re f; this may be designated as V re f+AV x . If bO remains at V ref , the voltage across 
the differential amplifier coupled to bO and bO would be V re f+AV x - V re f = AV X . However, 
because of the capacitances C A 170 and C B 175, bO will not remain at V re f; rather, it will be 
V r ef + AV n , due to coupling from bO and bl. Hence, the differential voltage to the amplifier 
will be (V re f+AV x ) - (VreffAVn) = AV X - AV n . Thus, the differential voltage is reduced as a 
result of the effect of the capacitances C A and C B - 

[0005] Referring to Figure 2, a cross-sectional view of the arrangement 100 illustrates 

the cross-coupling capacitances 205 between adjacent bit lines. Each bit line pair is 
connected to a substrate 210 via a diffusion region 215. As the number of cells in a DRAM 
increases, each bit line is connected to more cells, and bit line capacitance increases. As 
technology progresses toward DRAMs having larger information capacities, bit line 

2 

Customer No. 23624 



Attorney Docket No. MP0066.D1C1 

capacitance of conventional designs becomes unacceptably high. Accordingly, there is a 
need for DRAM cell arrays having reduced bit line capacitance. 

[0006] Referring to Figure 9, a physical construction of the arrangement 100 is 

illustrated. A gate 905 of a transistor is connected to a substrate 910 by a gate oxide 915. A 
cell plate 920 is located in horizontal alignment with the gate 905, but with some minimum 
lateral spacing S. A bit line contact 925 connects a bit line to the a source of the transistor. A 
diffusion layer 930 is a drain of the transistor. As the number of cells in a DRAM increases, 
the cumulative effect of the minimum lateral spacings between transistor gates and cell plates 
causes the area of the DRAM to become unacceptably high. Accordingly, there is a need for 
a DRAM cell array having reduced overall area. 
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SUMMARY OF THE INVENTION 

[0007] The present invention is intended to address the need for a DRAM device 

having a reduced bit line capacitance and reduced area. 

[0008] In one aspect, the invention provides a semiconductor integrated circuit 

device, including a dynamic random access memory (DRAM) unit. The DRAM unit 
includes a substrate, a plurality of bit line pairs, a plurality of activatable word lines, a 
plurality of memory cells, a plurality of multiplexers, and a first interconnect layer and a 
second interconnect layer. Each bit line pair includes a first bit line and a second bit line. At 
most one word line can be activated at a time. Each bit line pair is associated with both 
interconnect layers. The first bit line and the second bit line within each bit line pair may be 
aligned with each other in an end-to-end arrangement. Each word line may be associated 
with either all of the first bit lines or all of the second bit lines, such that a first array is 
formed by the first bit lines and their associated word lines and a second array is formed by 
the second bit lines and their associated word lines. When a word line is activated, the array 
to which the activated word line belongs may act as a sense array, and the array to which the 
activated word line does not belong may act as a reference array. The device may also 
include an activatable dummy word line in the first array and an activatable dummy word line 
in the second array, and the device may then be configured to detect signal levels in a 
common mode. 

[0009] The two interconnect layers may be metal layers, polysilicon layers, or one 

metal layer and one polysilicon layer. The first bit line and the second bit line within each bit 
line pair may be adjacent to each other. The first bit line and the second bit line within each 
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bit line pair may be twisted at at least one point such that half of each bit line is associated 
with the first metal layer and half of each bit line is associated with the second metal layer. 
The first bit line and the second bit line within at least one bit line pair may be twisted at at 
least two points such that half of each bit line is associated with the first metal layer and half 
of each bit line is associated with the second metal layer. The DRAM unit may be 
manufactured using a logic process or a DRAM process. 

[0010] In another aspect, a semiconductor integrated circuit device, including a 

dynamic random access memory (DRAM) unit, is provided. The DRAM unit includes a 
substrate, a plurality of bit line pairs, a plurality of activatable word lines, a plurality of 
memory cells, and a plurality of multiplexers. Each bit line pair includes a first bit line and a 
second bit line. At most one word line can be activated at a time. The first bit line and the 
second bit line within each bit line pair are aligned with each other in an end-to-end 
arrangement. Each word line is associated with either all of the first bit lines or all of the 
second bit lines, such that a first array is formed by the first bit lines and their associated 
word lines and a second array is formed by the second bit lines and their associated word 
lines. When a word line is activated, the array to which the activated word line belongs acts 
as a sense array, and the array to which the activated word line does not belong acts as a 
reference array. The device may also include an activatable dummy word line in the first 
array and an activatable dummy word line in the second array. The device may be 
configured to detect signal levels in a common mode by activating the dummy word line in 
the reference array and detecting the signal levels differentially as compared to the dummy. 
The DRAM unit may be manufactured using a logic process or a DRAM process. 
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[0011] In yet another aspect, the invention provides a semiconductor integrated 

circuit device, including a dynamic random access memory (DRAM) unit. The DRAM unit 
includes a substrate and a plurality of memory cells. Each memory cell includes a transistor 
having a gate, a gate oxide for binding the gate to the substrate, a cell plate, and a dielectric 
material for insulating the cell plate from the substrate. The dielectric material has a high 
dielectric constant. The gate is constructed using polysilicon. The cell plate is constructed 
using either polysilicon or a metal conductor. In one embodiment, the cell plate is physically 
isolated from the gate by a minimum displacement, wherein a direction of the minimum 
displacement is entirely orthogonal to the substrate such that a component of the minimum 
displacement parallel to the substrate is substantially zero. In another embodiment, the cell 
plate and the gate are physically located on different vertical levels as seen from the substrate. 
The dielectric material may include tantalum oxide, aluminum oxide, or oxinitride. The 
DRAM unit may be manufactured using a logic process or a DRAM process. 

[0012] In still another aspect, the invention provides an apparatus for reducing noise 

and overall bit line capacitance in a DRAM device. The device includes a substrate means, a 
plurality of pairs of bit line means, a plurality of activatable word line means, a plurality of 
memory cell means, and a plurality of multiplexer means. Each pair of bit line means 
includes a first bit line means and a second bit line means. At most one word line means can 
be activated at a time. The apparatus includes means for constructing the DRAM device 
using two separate metal layers, including a first metal layer and a second metal layer, and 
means for associating each pair of bit line means with both metal layers such that an equal 
proportion of a total length of the reference bit line means and the sense bit line means within 
each pair of bit line means is associated with each of the first metal layer and the second 
metal layer. The means for associating may include means for associating the first bit line 
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means within each pair of bit line means with the first metal layer and means for associating 
the second bit line means within each pair of bit line means with the second metal layer. The 
apparatus may also include means for aligning the first bit line means and the second bit line 
means within each pair of bit line means in an end-to-end arrangement, and means for 
associating each word line means with either all of the first bit line means or all of the second 
bit line means, such that a first array is formed by the first bit line means and their associated 
word line means and a second array is formed by the second bit line means and their 
associated word line means. The device may also include an activatable dummy word line 
means in the first array and an activatable dummy word line means in the second array. The 
apparatus may also include means for detecting signal levels in a common mode. 

[0013] The apparatus may include means for arranging the first bit line means and the 

second bit line means within each pair of bit line means so that the first bit line means is 
adjacent to the second bit line means. The apparatus may also include means for twisting the 
first bit line means and the second bit line means within each pair of bit line means at at least 
one point such that half of each bit line means is associated with the first metal layer and half 
of each bit line means is associated with the second metal layer. The apparatus may also 
include means for twisting the first bit line means and the second bit line means within at 
least one pair of bit line means at at least two points such that half of each bit line means is 
associated with the first metal layer and half of each bit line means is associated with the 
second metal layer. The DRAM device may be manufactured using either a logic process or 
a DRAM process. 

[0014] In yet another aspect, an apparatus for reducing overall noise and bit line 

capacitance in a DRAM device is provided. The device includes a substrate means, a 
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plurality of pairs of bit line means, a plurality of activatable word line means, a plurality of 
memory cell means, and a plurality of multiplexer means. Each pair of bit line means 
includes a first bit line means and a second bit line means. At most one word line means can 
be activated at a time. The apparatus includes means for aligning the first bit line means and 
the second bit line means within each pair of bit line means in an end-to-end arrangement, 
and means for associating each word line means with either all of the first bit line means or 
all of the second bit line means, such that a first array is formed by the first bit line means and 
their associated word line means and a second array is formed by the second bit line means 
and their associated word line means. The device may include an activatable dummy word 
line means in the first array and an activatable dummy word line means in the second array. 
The apparatus may include means for detecting signal levels in a common mode by detecting 
a signal level of the activated word line differentially as compared to the a signal level of the 
activated dummy word line. 

[0015] In still another aspect, the invention provides an apparatus for reducing area in 

a DRAM device. The DRAM device includes a substrate means and a plurality of memory 
cell means. Each memory cell means includes a transistor having a gate means constructed 
using polysilicon and a cell plate means. The apparatus includes means for arranging a gate 
oxide between the gate means and the substrate means, means for physically isolating the cell 
plate means from the gate means by a minimum displacement to prevent short circuits, and 
means for insulating the cell plate from the substrate using a dielectric material having a high 
dielectric constant. In one embodiment, a direction of the minimum displacement is entirely 
orthogonal to the substrate means such that a component of the minimum displacement 
parallel to the substrate means is substantially zero. In another embodiment, the cell plate 
means and the gate means are physically located on different vertical levels as seen from the 
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substrate means. The dielectric material may include tantalum oxide, aluminum oxide, or 
oxinitride. The DRAM device may be manufactured using a logic process or a DRAM 
process. 

[0016] In another aspect, a method of reducing overall noise and bit line capacitance 

in a logic process DRAM device is provided. The device includes a substrate, a plurality of 
bit line pairs, a plurality of activatable word lines, a plurality of memory cells, and a plurality 
of multiplexers. Each bit line pair includes a first bit line and a second bit line. At most one 
word line can be activated at a time. The method includes the steps of constructing the 
DRAM device using two separate metal layers, including a first metal layer and a second 
metal layer, and associating each bit line pair with both metal layers such that an equal 
proportion of a total length of the first bit line and the second bit line within each bit line pair 
is associated with each of the first metal layer and the second metal layer. The step of 
associating may include associating the first bit line within each bit line pair with the first 
metal layer and associating the second bit line within each bit line pair with the second metal 
layer. The method may also include the steps of aligning the first bit line and the second bit 
line within each bit line pair in an end-to-end arrangement, and associating each word line 
with either all of the first bit lines or all of the second bit lines, such that a first array is 
formed by the first bit lines and their associated word lines and a second array is formed by 
the second bit lines and their associated word lines. The device may include an activatable 
dummy word line in the first array and an activatable dummy word line in the second array. 
The method may include the step of detecting signal levels in a common mode by detecting a 
signal level of the activated word line differentially as compared to a signal level of the 
activated dummy word line. 



Customer No. 23624 



9 



Attorney Docket No. MP0066.D1C1 

[0017] The method may include the steps of arranging the first bit line and the second 

bit line within each bit line pair so that the first bit line is adjacent to the second bit line. The 
method may include the step of twisting the first bit line and the second bit line within each 
bit line pair at at least one point such that half of each bit line is associated with the first metal 
layer and half of each bit line is associated with the second metal layer. The method may 
also include the step of twisting the first bit line and the second bit line within at least one bit 
line pair at at least two points such that half of each bit line is associated with the first metal 
layer and half of each bit line is associated with the second metal layer. The DRAM device 
may be manufactured using a logic process or a DRAM process. 

[0018] In yet another aspect, the invention provides a method of reducing overall bit 

line capacitance in a DRAM device. The device includes a substrate, a plurality of bit line 
pairs, a plurality of activatable word lines, a plurality of memory cells, and a plurality of 
multiplexers. Each bit line pair includes a first bit line and a second bit line. At most one 
word line can be activated at a time. The method includes the steps of aligning the first bit 
line and the second bit line within each bit line pair in an end-to-end arrangement, and 
associating each word line with either all of the first bit lines or all of the second bit lines, 
such that a first array is formed by the first bit lines and their associated word lines and a 
second array is formed by the second bit lines and their associated word lines. The device 
may include an activatable dummy word line in the first array and an activatable dummy 
word line in the second array. The method may include the step of detecting signal levels in 
a common mode. The DRAM device may be manufactured using a logic process or a 
DRAM process. 
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[0019] In still another aspect, the invention provides a method of reducing area in a 

DRAM device. The DRAM device includes a substrate and a plurality of memory cells. 
Each memory cell includes a transistor having a gate constructed using polysilicon and a cell 
plate. The method includes the steps of arranging a gate oxide between the gate and the 
substrate and insulating the cell plate from the substrate using a dielectric material having a 
high dielectric constant. In one embodiment, the method further includes the step of 
physically isolating the cell plate from the gate by a minimum displacement to prevent short 
circuits, wherein a direction of the minimum displacement is entirely orthogonal to the 
substrate, such that a component of the minimum displacement parallel to the substrate is 
substantially zero. In another embodiment, the method further includes the steps of 
physically locating the gate on a first vertical level as seen from the substrate and physically 
locating the cell plate on a second vertical level as seen from the substrate. The dielectric 
material may include tantalum oxide, aluminum oxide, or oxinitride. The DRAM device may 
be manufactured using a logic process or a DRAM process. 
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BRIEF DESCRIPTION OF THE DRAWINGS 



[0020] Figure 1 shows a top view of a folded bit line DRAM cell arrangement 

according to the prior art. 

[0021] Figure 2 shows a cross-sectional view of the DRAM cell arrangement of 

Figure 1. 

[0022] Figure 3 shows a top view of a folded bit line DRAM cell arrangement in 

which, for each bit line pair, a sense bit line and a reference bit line are oriented 
longitudinally with respect to each other, according to the present invention. 

[0023] Figure 4 shows a cross-sectional view of the DRAM cell arrangement of 

Figure 3, including the use of two separate metal layers within each bit line pair. 

[0024] Figure 5 shows a second cross-sectional view of the DRAM cell arrangement 

of Figure 3. 

[0025] Figure 6 illustrates a DRAM cell arrangement including the use of two metal 

conductors within each bit line, with the sense bit line and the reference bit line within each 
pair being configured adjacent to each other. 

[0026] Figure 7 illustrates another DRAM cell arrangement, with the bit lines in each 

bit line pair being twisted symmetrically about each other. 
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[0027] Figure 8 illustrates another DRAM cell arrangement, with the bit lines in each 

bit line pair being twisted about each other in another symmetric way. 

[0028] Figure 9 illustrates a physical construction of a DRAM cell arrangement 

according to the prior art. 

[0029] Figure 10 illustrates a physical construction of a DRAM cell arrangement 

having reduced lateral spacing according to the present invention. 

[0030] Figure 1 1 illustrates a first alternate embodiment of a DRAM cell arrangement 

having reduced lateral spacing according to the present invention. 

[0031] Figure 12 illustrates a second alternate embodiment of a DRAM cell 

arrangement having reduced, lateral spacing according to the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 
[0032] The present invention addresses the need for a DRAM device having an 

improved signal-to-noise ratio, a reduced overall bit line capacitance, and reduced area. By 
arranging bit lines in an end-to-end longitudinal configuration, the inventors have reduced the 
noise generated by adjacent cells. By using two separate metal conductor layers in each bit 
line, and by creating different bit line pair configurations using the two metals, the inventors 
have reduced bit line capacitance while allowing for larger DRAM capacities. By 
minimizing the lateral spacing between the transistor gate and the cell plate, the inventors 
have reduced the overall area of the DRAM for a given number of cells, thus allowing for 
larger DRAM capacities. In the following description, the preferred embodiment uses a logic 
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process DRAM device. However, it is noted that a DRAM process DRAM device may also 
be used. 

[0033] Referring to Figure 3, a top view of a hybrid folded bit line DRAM cell 

arrangement 300 according to a preferred embodiment of the present invention is shown. In 
the arrangement 300, six bit line pairs bO 305, b0' 310, bl 315, bV 320, b2 325, and b2' 330 
(drawn vertically) and ten word lines 341-350 (drawn horizontally), plus two dummy word 
lines 355 and 360, are shown. Each bit line pair includes a "sense" bit line and a "reference" 
bit line. For each bit line pair, the sense bit line and reference bit line are arranged end-to-end 
in a longitudinal orientation, rather than adjacent to one another. Bit lines are divided into 
equal segments and their associated word lines form subarrays A 365 and B 370. Bit line 
sense amplifiers 375 are placed between subarrays. A single sense amplifier can be used to 
sense data from a pair of bit lines in one subarray with a pair of related bit lines from another 
. subarray. When a word line is activated in one subarray, e.g., subarray A, the bit lines with 
cells coupled to this word line become sense bit lines, while bit lines in the longitudinally 
opposed subarray, e.g. subarray B, become reference bit lines. Prior to word line activation, 
bit lines in both arrays are precharged to a voltage level V re f. The converse is true when a 
word line is activated in subarray B: Bit lines in subarray B become sense bit lines, while the 
corresponding bit lines in subarray A become reference bit lines. The differential signal 
between a sense bit line and an associated reference bit line is directed to a related sense 
amplifier through a 2:1 multiplexer 380. The multiplexer is used to select the bit line with the 
cell coupled to the activated word line, since in the folded bit line architecture, the cells are 
attached to every other bit line. The multiplexer control uses the word line address as an 
input to its logical functions. Other bit lines in the reference subarray are at V re f during the 
sensing of the sense bit lines in the sense subarray. Since there are no sense bit lines in the 
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reference subarray, there are no noise sources related to bit lines that can couple the reference 
bit lines, unlike conventional folded bit line sensing schemes. 

[0034] There are two major reasons for improvement using the present invention: 1) 

the differential noise injection mechanisms of the conventional folded bit line sensing 
schemes onto the reference bit lines are eliminated; and 2) cross coupling and total 
capacitance are reduced when used in conjunction with the two interconnect bit line schemes. 
Referring to Figure 3, when word line w 0 a 345 is activated, a signal having voltage level 
V r efH-AVx is developed on sense bit line bl 315 due to charge sharing of cell x 385. The 
sources for noise injection onto sense bit line bl 315 are from sense bit lines bO 305 and b2 
325, since these two are the nearest bit lines with activated cells. However, bl is shielded 
from bO and b2 by bO' and bl', which are connected to V re f by a multiplexer 380. To the first 
order, the coupling to bl from bO and b2 is mostly absorbed by bO' and bl', which have a 
relatively low impedance path to V re f. Here, the bO' and bl ' bit lines act as shield bit lines. 
The use of shield bit lines increases the distance between sense bit lines, which tends to 
reduce noise between them. Noise injection to sense bit lines from activated word line to bit 
line capacitors (i.e., capacitance Cwb 390) are reduced to common mode noise by 
simultaneously activating a replica dummy word line 360 in the reference subarray (i.e., 
subarray B 370, since activated word line w 0A 345 is in subarray A 365). Multiplexers also 
are switched in both the sense subarray and the reference subarray so that any coupling 
associated with the switching becomes common mode noise. The sense amplifier 375 and 
the multiplexer 380 can be placed in 2 bit line pitch or 4 bit line pitch. In the case of 4 bit 
line pitch, the sense amplifier and the multiplexer can be placed on both sides of the subarray. 
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[0035] Referring to Figures 4 and 5, two cross-sectional views of the arrangement 

300 illustrate the use of two separate metal conductor layers 405 and 410, labeled Ml and M2 
respectively. One bit line of each pair is placed in the Ml layer, and the other bit line of each 
pair is placed in the M2 layer. The use of two separate metal layers reduces the cross- 
coupling capacitance between the two bit lines in each pair; experimentation has shown that 
this reduction is approximately equal to 30% as compared with a conventional folded bit line 
DRAM cell arrangement. The increased distances between the two bit lines in each pair and 
between adjacent bit lines in each metal layer partially account for the reduced cross- 
capacitance. Referring also to Figure 2, an exemplary distance between adjacent bit lines is 
0.3 |^m, whereas an exemplary distance between two bit lines in the same pair but in different 
metal layers is approximately 1.0 jam, and an exemplary distance between adjacent bit lines 
within the same metal layer is approximately 0.9 jam. It is noted that the two metal layers 
entail two distinct interconnect layers, and it is thus possible that one or both layers could be 
constructed using polysilicon rather than metal. However, the use of two metals is preferred. 

[0036] Referring to Figures 6-8, three different bit line geometries are shown for a 

folded bit line DRAM cell arrangement using two separate metal layers and adjacent bit lines 
within each bit line pair. In Figure 6, half of each bit line is associated with the Ml metal 
layer, and the other half of each bit line is associated with the M2 metal layer. A dummy bit 
line is also included for symmetry. A third metal, denoted M3, can be used for the word line 
straps. Therefore, in the arrangement of Figure 6, the conventional arrangement of adjacent 
bit lines is used, but two separate metal layers are used within each bit line, and a third 
separate metal is used for the word line straps. 
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[0037] In Figure 7, the sense bit line and the reference bit line within each bit line pair 

are twisted about each other symmetrically, so that each bit line is associated with the Ml 
layer for half of its length and the M2 layer for the other half of-its length. Twisting bit lines 
about each other is a well-known method of reducing differential noise from adjacent bit lines 
to common mode. In the present embodiment, the use of the separate metal layers is 
combined with the twisting to take advantage of the reductive effects of both aspects. Figure 
8 shows another symmetric twisting arrangement using two metal layers. The first twist 
occurs at a point located about one- fourth of the way along the length of the bit line, and the 
second twist occurs at about the three-fourths point. Again, each bit line is associated with 
the Ml layer for half of its length and the M2 layer for the other half of its length. 

[0038] Referring to Figure 10, a physical construction of a DRAM cell according to 

the present invention is shown. Because the manufacturing process used here involves a deep 
submicron geometry, gate leakage and tunnelling leakage are high. Therefore, it is desirable 
not to needless waste any area of the DRAM cell. By minimizing the wasted area, the 
leakage problems are also minimized. As in the case of the conventional DRAM cell 
construction (i.e., see also Figure 9), the transistor gate 905 is connected to the substrate 910 
by a gate oxide 915, and the substrate 910 includes a diffusion layer 930. However, the cell 
plate 920 is physically located at a horizontally overlapping position relative to the gate 905, 
so that there is no lateral spacing between the cell plate 920 and the gate 905. The cell plate 
920 must still be physically isolated from the gate 905; otherwise, there can be a short- 
circuiting problem from the cell plate 920 to the gate 905. Therefore, the cell plate 920 is 
located at a vertical offset from the gate 905. The cell plate and the gate can be viewed as 
being on separate vertical levels, as seen from the substrate. This vertical offset causes an 
decreased capacitance between the cell plate 920 and the substrate 910, and in this context, it 
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is preferable not to decrease the capacitance. To reduce the adverse effect of the vertical 
offset, a dielectric material 1005, preferably a material having a high dielectric constant such 
as SisN4 tantalum oxide or aluminum oxide or oxinitride, is used to fill in the space between 
the cell plate 920 and the substrate 910. Typically, the gate is made of polysilicon, and the 
cell plate may be made of either polysilicon or a metal. By minimizing the lateral spacing 
between the cell plate and the gate, the overall area is minimized. 

[0039] Figure 1 1 illustrates a first alternate embodiment of a DRAM cell arrangement 

having reduced lateral spacing according to the present invention. As shown therein a thin 
high dielectric constant material 1005' such as Si3N 4 , tantalum oxide or aluminum oxide or 
oxinitride, is used to fill in the space between the cell plate 920 and the substrate 910. The 
thin high dielectric constant material has a thickness is in the range of about 50A to 100A. 
As shown therein a lightly doped region n" is arranged in under the cell plate. As will be 
appreciated by one of ordinary skill in the art, by arranging the thin dielectric material 1005' 
between the cell plate 920 and the gate electrode 905 and the substrate 910, the alignment 
issue is obviated. 

[0040] Figure 12 illustrates a second alternate embodiment of a DRAM cell 

arrangement having reduced lateral spacing according to the present invention. In this 
arrangement, As shown therein a thin high dielectric constant material 1005" such as Si3N 4 , 
tantalum oxide or aluminum oxide or oxinitride, is used to fill in the space between the cell 
plate 920 and the substrate 910. Cell plate 920 is separated by laterally from gate 905, and 
diffusion later 930' under that area. 
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[0041] While the present invention has been described with respect to what is 

presently considered to be the preferred embodiment, it is to be understood that the invention 
is not limited to the disclosed embodiments. To the contrary, the invention is intended to 
cover various modifications and equivalent arrangements included within the spirit and scope 
of the appended claims. For example, it is to be understood that the invention is applicable to 
various choices of metals and dielectrics, and to various schemes of twisting the bit line pairs. 
As another example, although the preferred embodiment uses a logic process DRAM, the 
invention is also applicable to a DRAM process DRAM. It is also noted that the invention 
may be practiced using either a pure memory semiconductor chip or a multifunction 
semiconductor chip. In the case of the multifunction chip, the DRAM function is commonly 
referred to as embedded memory. The scope of the following claims is to be accorded the 
broadest interpretation so as to encompass all such modifications and equivalent structures 
and functions. 
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